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Mitochondrial Cytochrome b ARSA AF Lm 4] 2} (Family Strigidae) 9] 
EE 


FA ww os Ss 


Mitochondrial cytochrome b A4 o] 23 Step] Age 5$£à x 
Fl Sw 4] + (Strigidae) 2] 124 319] ABBAS su. Maximum like- 
lihood +443}, Kimura two-parameter9} p-distance& o]|&sle] #44 ZA 
HAS aaa. Rowe lea ain ANAA Hu. 459789] AS 
A AJE JAIAL, 398709] AAS ASIA Qu E FAA. Lw yE 
Clade I (Aegolius), Clade II ( Athene, eon Glaucidium, Surnia), d 
z]1. Clade Ill(Bubo, Nyctea, Pulsatrix, Strix, Otus, Ptilopsis, Ninox) € 
Al A] ILE UMA. SF Otus$$& ^ausez GS | We] IL 
z tge Ao] Jagad. 
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ni 2] X (Strigiformes) Tytonidae?} Strigidae F FH Ua. 9]1zu,- 7Hg8| true ows Ecl 
= ogawupxb(Sttigidae)e]i- A AAAS = 244 19520] 78449 QG (König et al., 1999). Sm : 
To YFA e ANS A ASA AAs, AoA, FAA ope use AAAI] x 
SR. ASA) HAHAE 84 119] Suh] SSo] BYYAAG( PMS SLEH FS, 1997). 

emoa AY] BF AAS LHS EBs] deo] spin Ln (Ford, 1967; Cracraft, 1981; 
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Sibley et al., 1988; Rebholz et al., 1993; Bleiwess et al., 1994), Sw] pe] ap xta E re]7] Ma] F 
NZ A- (Ford, 1967), allozyme (Randi et al., 1991), 8] &3 3-41 (Rebholz et al., 1993), 12] 3. DNA-DNA 
hybridization (Sibley and Ahlquist, 1990) 49 delet BAY yo JEJA. ASE JEZERO} 
DNAS) S7]4]9 EAS x*sle ASA APAE Gee ambas giu Dunham, 1996; 
Mindell et al., 1997; Wink and Heidrich, 1999). 
AFAA issue] AAFAA APY zm €ubepdonodsb opgepzb upon abs 
£9 g4ezszo|zopgeu,s-E ZFS Eho JAIE ES SAAME AS 
an JA JAH. TABS E AFANANE Ha Sopot AVA SHE Sw] Bubo bubo (F 
0] o]), Otus sunia (2:4 ^l), O. semitorques (2:78 Al), Ninox scutulata (&-939]), Strix aluco (% w} 
) €9] mitochondrial cytochrome b (mtDNA cyt b) 53 2]9] 3-997149 & AZZ Aaj hak 
Sul 549 PRGA AAS Helse Smo Aye] ASAAGAS psp sr 


Siu. 
Ae 2! uru 
1. We 
oA AA Bubo bubo (478]3-939]), Otus sunia (4:8 Al), O. semitorques (xt 4] AW), Ninox scu- 


tulata (& 5-9 o]), Strix aluco (&wi] v])el] ^] mtDNA cyt b FAAS sequencing IAH. 44] HHS AH 
qn 4pmESPpe QE Hae BRS ol Psyc. 


2. | = =£ 2/0} DNA (mtDNA) #3 Y AIMS BHA 


Total DNAS 549] Sule) 2823A] DNeasy tissue kit (QIAGEN)& °)28-o) 4s} Ach. 
mtDNA cyt b FARE cX8]u]7] sso] GEA primer sets& Aga Ac; mt A (L-14995; 5'- 
CTCCCAGCCCCATCCAACATCTCAGCATGATGAAACTTCG-3’), mt F(H-16065; 5’-CTAAGAAGGGT- 
GGAGTCTTCAGTITTTGGTTTACAAGAC-3) (Desjardins and Morais, 1990). PCR&- 2y19] 10x reac- 
tion buffer, 20 mM MgCl», 1 unit2] Taq DNA polymerase, 2 ul9] 10 mM dNTPs, 1019]. FH} SF primer 2} 
genomic DNAS 2 3. total volume 20yulz. RA. PCR VS BAS 94'Cel|^] denaturation 14%, 
52*Cel ^] annealing 122, 72°Co]A] extension 1} 28 so] & 355] WA. zb PCR H-E 2ul 
= 1% agarose gel ^] %7,9 %3} Æ ethidium bromide% aay šj band9] 49H SES Sols 
XX PCR 9E2-E-€& QlAquick PCR Purification kit (QIAGEN)= BAISHI., automatic DNA sequencer (ABI 
310 model, Perkin Elmer)el]| ^] direct sequencing SAT. 


2 Mt gge ER AG AHY Genbank] A] ALH, Gallus gallus (H)S outgroup 
ack. ago] ne #0) 8} 3} GenBank accession numbersz- Table 13} Zt}. 

A2 CLUSTAL X (Thompson et al., 1997; version 1.81, 2000)& °]£6}4 alignment R, 
AZAA dls #42 MEGA 2.1 (Kumar et al., 2001) 2 282 835A. AFEA PAUP* 
4.0b10 (Swofford, 2002) 2 TAS ol Paso] Faaa. zb BHF Zo] FAA AY Genetic dis- 


tance)t= Kimura two-parameter (Kimura, 1980)2} uncorrected model (p-distance) #4 3}-94 52, Maximum 
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Table 1. Species names and Genbank accession numbers of the family Strigidae and outgroup used in this 


study. 

Species Common names Genbank numbers 
Aegolius funereus Tengmalm's owl AJ004353 
Aegolius acadicus Northern Saw-whet owl U89172 
Athene noctua Little owl AJ003948 
Bubo africanus Spotted eagle owl AJ003952 
Bubo ascalaphus Pharaoh eagle owl AJ003953 
Bubo bengalensis Rock eagle owl AJ003954 
Bubo magellanicus Magellan Horned owl AJ003971 
Bubo nipalensis Forest eagle owl AJ003972 
Bubo virginianus Great horned owl AJ003974 
*Bubo bubo Eurasian Eagle owl AY422976 
Glaucidium gnoma Mountain pygmy owl AJ003994 
Glaucidium hardyi Amazonian pygmy owl AJ003997 
Glaucidium nanum Austral pygmy owl AJ003999 
Micrathene whitneyi Elf owl U89170 
Nyctea scandiaca Snowy owl AJ004011 
Otus bakkamoena Indian scops owl AJ004020 
Otus lempiji Sunda scops owl AJ004027 
Otus longicornis Luzon scops owl AJ004031 
Otus petersoni Cinnamon screech owl AJ004034 
Otus roboratus Peruvian screech owl AJ004035 
Otus sanctaecatarinae Long-tufted screech owl AJ004036 
Otus scops Common scops owl AJ004038 
Otus atricapillus Black-capped screech owl AJ004013 
"Otus sunia Oriental scops owl AY422979 
“Otus semitorques Japanese scops owl AY422980 
Ptilopsis leucotis Northern white-faced scops owl AJ004030 
Pulsatrix perspicillata Spectacled owl AJ004044 
Strix rufipes Rufous-legged owl AJ004061 
*Strix aluco Tawny owl AY422982 
Surnia ulula Northern hawk owl AJ004069 
*Ninox scutulata Brown Hawk owl AY422981 
Outgroup 
Gallus gallus Chicken NC001323 


"Species newly sequenced in this study. 


-likelihood (ML) tree= transition (Ts)/transversion (Tv) - 2x: 8-3. HKY 85 variant& A}2-d-o] AA. ML 
treeol] ^] Æ quartet puzzling (1000 steps)-8- 418-81 Siu. 
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Sx Sulla) 543b Genbank] y AS 2649 Sw o3} SHS xgeo] BF 124 3149 
mtDNA cytb $27]4]98 & o]-8-sto] ASEAS AA) Sch. 

Sn] 7] 2} 3142] mtDNA cyt b ANAUE alignment AF} A AAA 959709] ANNAAS ABs} 
ej APEYA Oo] SSA cp. ala] 959709] AAAA 7H 50079] ASS BE BIA FY 
SASL, 459709] AAAA Ao FAJAR. 459742] Hol7k QE ASA 7 Hd] 3987412] AAO] 
ASU BRS pu. B714NS2] sneep^] A79) BAA) WEE GE le] Ha Gs] 
ZA o] zb ANHA = 26.4%, C = 35.8%, G = 13.9%, T = 23.8%). G7} 12.296091 #0] (Krajewski 


L- 


Gallus gallus 


ES. [| Aegolius acadicus 
— A. funereus 


! 37 Athene noctua ail 
: = Micrathene whitneyi 
= AGH ne Dl | Glaucidium gnoma Clade I! 


89 
G. hardyi 
loss o4 
G. nanum 


Clade | 


Surnia ulula — 

| re Bubo africanus I 
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i | 64 B. bengalensis 
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B. virginianus 
Nyctea scandiaca 
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66 
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Fig. 1. Maximum likelihood tree (Quartet puzzling tree) showing the relationships among owls based on 959 
bp mitochondrial cytochrome b sequence with Gallus gallus as the outgroup. The numbers above branches 


indicate quartet puzzling values (1000 puzzling steps). 
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and King, 1996), 12.3969] 3}8}a] 4 (Kirchman et al., 2001), 13.296091 Au] F (Whittingham et al., 2002) 
59 US x39 raae EmA GANE Se SA Gest Ts/Tvi- Bet 1912 
LER EC. 

Kimura two-parameter (Kimura, 1980)¢]] 2] $+ genetic distance} AU] 24.2960]^] AA 1.5%7}2) 2] 
BAEZ UEP, p-distance= AH 19.8969]^] Aa 1.5967p]9] BAS 4A AR. 7a FAS 
AZ} SS * X B. magellanicus2} B. virginianus=. Kimura two-parameter (Kimura, 1980)2} p-dis- 
tance PY 74 WE 1.5969: pe (Table 2). 

TAA SHO] wir] EESE B. bubo PATRE exu xe] 214) Sh B. ascalaphus 
3. 7}4 FAHA SS ALE YERRI, Strxaluco(&RN-939] E LYS Strix&y- Pulsatrix 4i 
At TAS BOS debe. GFA O sunia QA KYA EA wp BEBE O. 
scops} 7}4t AA AAZ 7AA (p-distance = 6.8%), O. semitorques (EE: A4) WE up sel] 
A|4bpsH O. bakkamoena2}+ 10.1969] p-distnace ZS PARA FF AAE FAAS 
(Table 2). 


Salna} ZEA MIDNA cyt b HAAS LRM VAIS MEAO) Re] EHS ABS 7b 
AY Zt BASE trees YEA 916] (Wink and Heidrich, 1999), # APANE MEYS ZAL Al 


ES 

NEZ) &wqpe]zp SHS] ASBAMA Ford1967)= FASS] JAJA AFAN Salsas 
Striginae (Bubo/Strix/Otus), Surniinae (Aegolius/Ninox), L9] 3! Asioninae (Asio) 59) 4| 7]9] epp 4 
FAG. St Randi et al. (1991)2 allozyme #4 #5} Bubo, Strix, 12] 41 Otusáio] S}-}2] clade 
= äyğ e HAFAI, Sibley and Ahlquist (1990)2] DNA-DNA hybridization #3} 914] Bubo/Strix/ 
Otus dade& JAIA. E BAYA Egawpw]zk FA A) LIES GE UAC. Clade 12 Aegolius 
12° 2 o|Eoj]g 9n], Clade IIE Athene, Micrathene, Glaucidium, Surniad;o] SJAA, Clade I= 
Bubo, Nyctea, Pulsatrix, Strix, Otus, Ptilopsis, Ninox&jo] SY QU} (Fig. 1). 2 7H-$-8] Bubo, Strix 
4&8] Otus&-& ZB dadei- 7]4&9] oje] AFAA vet ARA zo] HALE Fels 
Qt} (Ford, 1967; Sibley and Ahlquist, 1990; Randi et al., 1991). 

Ho] Lö} Nyctea scandiaca (3l-&w]u]) 14r 1&9] monotypic LZ ZAAL Buboé; 
zH- zel QAR, Buboéisk9] SAA A7} 8.2-12.896(p-diatance) FARAZI 747 (Table 
2) Ao Bulbs FO € E] BSA FOL SAAC. 

Wink and Heidrich (1999) mt DNA cyt b FAJ} BAS $A Otuso] ua ESg APSA. 
opto) 47-3) FA O. sunia (2:7) 44) 9- O. semitorques (E227) A)x-. 713€ 9]. O. scops, O. bakkamoe- 
na, O. lempiji £3} v] -6] Old World Otus clades] asl 21e] HAAL, 4H] A} O. atricapillus, 
O. petersoni, O. roboratus -£€- New World Otus clade #2] 5] 91i 8], Otuss&i-&- mtDNA cyt b 3-41 ell 
Ap AaEAaezazgusg279 THLE BA ME Aol $881 33u. 

Bo] Otus Ptilopsis zo] ¥ (König et al., 1999) Pt. leucotis Old World?) erar a] Tell 
AIAI HAA EYAN New World Otus} 7AE FAAEE KAC. 

ASA SZ Otus Old World Otus A NAJA New World AMAA, e]aez xum 
A gka SU BS} ME UE See Poy AOE SAAC. Otus Ee New World 
29] As} 7x us BSSES TVS] AANE A BE Otu) SS AS FAA VAs 
ASS e-77] ATEA. 
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ABSTRACT 


Phylogenetic analysis of 31 species representing 12 genera in the family Strigidae (Aves: 
Strigiformes) including 5 species (Bubo bubo, Otus sunia, O. semitorques, Ninox scutula- 
ta, Strix aluco) collected from Korea has been undertaken using nucleotide sequences of 
the mitochondrial cytochrome b gene. Maximum likelihood analysis was performed and 
pairwise genetic distances were calculated with Kimura's two-parameter and p-distance. 
Among well-aligned 959 bp used for this study, 459 sites were variable and 398 sites were 
informative for the phylogenetic analysis. The family Strigidae was divided into three sub- 
groups, Clade I (Aegolius), Clade II (Athene, Micrathene, Glaucidium and Surnia) and 
Clade Ill (Bubo, Nyctea, Pulsatrix, Strix, Otus, Ptilopsis, and Ninox). Also, two separated 


subgroups in the genus Otus were confirmed by the geographical distribution. 


